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PROBLEM TO BE SOLVED: To form a pattern having 
very high dry etching resistance by carrying out exposure 
using a specified short wavelength light source. 

SOLUTION: When a film of polyhydrosilazane 102 
formed on a substrate by spin coating or other method is 
irradiated with excimer laser light 101 1 the exposure 
energy is chiefly absorbed in the silazane bonds 103 and 
chemical bonds of photosensitive molecules in the 
exposed part are activated. The bonds activated by 
breaking react with oxygen molecules 104 or water 105 
and conversion into SiOX is caused. In the exposure, the 
presence of oxygen or water molecules is important to 
the reaction. The polyhydrosilazane 102 transmits light of 
3220nm wavelength, absorbs light of 2220nm wavelength 
and hardly transmits light at the wavelength (193nm) of 
ArF excimer laser light (absorption factor = 20^m). High 
bleaching (absorption factory = 0.3/^m) by exposure with 
ArF excimer laser light means efficient conversion into^ 
Si0 2 having 390% transmissivity at 193nm. / 




COPYRIGHT: (C)1997,JPO 



(19) B*Wtmif (JP) 02) ^ §^ Q $g (A) (ll)ft?itttiH&l$## 

#51^9-230600 



(43)&H3B ¥fiK9¥(1997)9J!5B 



(51) IntCl. 




F I 




G 0 3 F 7/075 


5 11 


GO 3 F 


7/075 5 1 1 


7/038 


5 0 5 




7/038 5 0 5 


7/039 


5 0 1 




7/039 5 0 1 


7/40 






7/40 


HO 1 L 21/027 




H0 1L 21/30 5 0 2R 








SMfcE<B«9 OL (3; 7 H) 


(21) 


#K¥8 -40933 


(71) MESA 


000005108 










(22)ttiffiB 


¥J6£8^(1996) 2 £28B 










(72)|6W# 


mm ffi 






















(72)£9i# 
























(72)§89f# 










jwawMHwnraara i t B2sos«! 














(74)ftSA 


#a± /Nn mm 


(54) vsmvzm 









(57) [Sfi] 

tayy^f (01. 103) Sr^tpu^MKt^ 




[§**iI2] ¥-jg#3fcy *m^X'<?-is*: 10 

^ ±lB^7fettl3I('^fi 2 2 0 nmHTO)t«» 

[iS*JS3] ±lE^2(OXe{-*5^T, Ar Fi^->v 20 

R 

R R J n 

nttSJSSft 

[it** 5] SfriBS3CDxao^ S i0 2ftni8 
^ if r t ^ -T 5 ft** 1 Btt*v< * - 40 

as 4 coxesr^tp r i: £■*-*»** 1 e«wv«* 

[IS** 7] afJlB^^V^tg, f!u sB-e ^ ^ - V 
^ L * ^ r t t -t £ fit** 6 f E*fc<ZV* 9 - >?F$ 



VmW- 9-230600 

2 

L/^ - y «t ^ 1 3 ±iE5Mfc 

[»**9] «rlB*4<oxSco«, iuffi^;*^^-^ 
SrSfe* L*^*SrW« t -f S ft** 8 |B*(o¥**S11 

[#W<38¥»*tft9l] 
[0 0 0 1 ] 

[jswcojR-rsaflf^si jt*»yy^77 

[0 0 0 2] 

f- 9 3nm) <Dm^m«>hinX^^> 0 

[0 0 0 3] h^-V^/fc^ffifCo 

uvcttu m?L& ri/^ • ^^*f£fl?j afffi 

[0 0 0 4] 3=fc N Ifi^l, — ^SrJpxi~S 

f^»PXS^3 0 1 iMIMfcvy = yBS3 0 2 SrJK 

(S3 a) it, Tmkikuv ^>m^m^—>^ 

^Lfc^ !I6¥^-y3 0 2^x 7 fy^^ 
LT±ISIS^3 0 1 co^PX^ff? K-^^^ffi (El 
3 b) asjq^ih/t^So -hlB^— K-^^^&^^Jgife^ 
xeSrlBBMt-rsfc*^ ^Tfef-J; «9M^PXSfr 3 0 1 
lf:(SS iOx/^-y3 0 2?:M (i3c) LT 
Titiicc^nx 3 0 1 ^^rf o Y-**$ WM&j&m (0 3 

d) ^f^^t^^ 0 

[0005] ±hb^- y^*#w.Wffif&m^m^&ttw 

=t 9^^ — ^J*LT^tLS:-v^^i^Tifio*lJXS:^5 
^^^-^Jg^fe (#I¥7- 1 2 7 7 6 9) , X^tK 
])i/**Vzs\zm&&ffl («fB¥6-2 6 7 9 3 7) # 

[0 0 0 6] Hi«iJffl«3tt!fe¥«i:br. 

^nt^^ (fl#BHBB6 1 - 1 6 6 8 7) 0 
[0 0 0 7] 



-2- 



3 

i b £i- ±12^7 if >m&%m 

[0 0 0 8] _LfBA r Ffflte^«ffifr»U2>;* M*, 
[0 0 0 9] _LiE^— K-7^^jl»S!^^5TO 
[0 0 10] *3S«©SttM:, «_h<OP^SI^»*L-C, 
[0 0 1 1 ] 

i::^7if>'ife-a-*-&tr^yT— =r-^-Srifi8;^ 

3te«B«r3teBMfcU •*©«§l*LT«5teffiX»**«3teSB© 

j£S 2 2 0 n mWT©&feftfti^£Jl 
^TDtt^riia^ iS^^if^-g-SrSB^UT 

cofcfe, ±i2^->-^/£}£{i. itiE^fc^feEv-^if 

[0 0 12] ±IBv-5ifV^-a-^o^*tttffiir L 

[0 0 1 3] 
[-ftl ] 

R 




Mki ) 



[0 0 14] telOTH'froRttTtefiaK, XtiTk^S, X 
[0 0 15] *«89©S^«fllS:#y t KB->7ffl 

[0016] mft±ic\E}mmjti&mz-i. 9m^tz±s. 

8g{d3i^->-vu— if— ftl 0 ISrIlttSt. 
yvdr— tt^i-v-^ifv^l 0 3i'©ifc£*bT (01 

wm\zx d ettfls^ix/ttt'a-ttRits^ 104. xtt* 



(3) #l¥9-2 3 0 60 0 

4 

1 0 5#tSSlTS i 0x^6 (01b) „ ^rcofc 

[0017] ±mytmkRfcmk¥m^zifcx~i-i.te\,^<D 

5. rrofc*. &Mk¥mi&Mi'i?xhlz.38tt& (1) 

«*ffiJ«*ffcJi;SS££;&. (2) haRflftSffi*;* 
sjc«B#rat^#-r5„ (3) s^ro^^a (peb) 

(4) »#&fc»£Lfc«ttiJfeasu'e?* K^srffiifcbT 
L^v^^SJ^tt^Si^oP^H^rlHlffi-t-* 

[0 0 18] £©^tt«T©*lltf**tf»fc 

[0019] _L1£aK y t: Rn>>yif ^(OA r F 

/umtZm^tzt-Z, At F^*m^V^if^^fC 

6. 4 e V) ^Tticj: 5 % _bf£;tfy t: K n if ^ ^ 
v^ifV£^ (Sg^;^^ 4i 4 e V) =2 
>£zk* OS^^y^— ^3, 24 eV) CD^^^-g) 
BffU Vnde-if^^ (^A^-^ 8 . 3 e V) 

^£3fe«{bRjS**bT^5 0 

[0 0 2 0] ±|B^y t Kn v-yif y«l2 

2 0 nm«±(75*^3!tUT^3SM"efeS^, )RS2 2 0 

30 -if— (OS* (1 9 3nm) if5tSr3giS b#^ 

(P^iR^-2 0/jum) o ^tt, Ar F^7fe(-J:«9^ 
<^y-^^^° (KJR*=0. 3/fim) -f^^te, 
a$J:<S iOj (1 9 3nmtl®$9 0%^±) ft 

[0 0 2 1 ] itBSRSS^i-J: t9 S i Oxftbfc^K 

[0 0 2 2] H±(ORWt?lt tf?y t: Knv^if^cDii 

^if >-^#^W^^-r-<-Cffl^^ c £ c 
[0 0 2 3] ±SB*53t«-t±fBS#:i:co*3|Fi4S: 

50 [0024] ±f£S i Ox^-yft ffia*-es i o 



-3- 



5 

^<Dtz#>, ±fSS i O y,;<$ — Zs&^r t LTTJft^K 
y v-y n^tf* K^^^iy^^^OX-t-Sir. 

[0 0 2 5] ±IE«JtB#^y— ^^^coa*f-<t 9. T 
[0 0 2 6] ±IB»3tf4W3|BH-, &JR«Wk 

[0 0 2 7} ^fc, *fi-*f^ii*<Z?2JiUv ; ^ hffifcite 

[0 0 2 8] _L1B3.«^ Sfr£r 1 0 oa^±i:»t 
fy^ftiDii^X-eii^t, JXttift*3 0 0 
i 0 2-ftl£{£iiLT K7^y^^ifiH*L ®Stt^(7) 

[0029] s*#ffl^*^s^#ia^4 , ^bn!» 

[0 0 3 0] ±|ES i O x W^ — >13T*^ y 

yf^x^hm xtt7*/*^s*s:ffi^fcK7>r 

[0 0 3 1 ] ftJfB^- K-^^^ffi, 

[0 0 3 2] ±IB^)^^ — ^ric^gfeSrffl^Sn 

SMBEIiS (LSI) oSigfcil/B-t-Sr £ 0 M 

O S LOCOS7^/V K»{fc(D^ * ^ 

if — * 7=- SrJBi^T BJtf 5 r t 3&*M* L 



(4) #^¥9- 2 3 0 6 0 0 

So 

[0 0 3 3] ±IE^* — ^ttTifiiDX^ »4LTfcfi 

y>rs KK^»*^to*Tffiffli"-sr it>RiiiB-e*>io 

[0 0 3 4] 

5li^-tyh»»[S:2 0 0 0 r pm6 0&<O*#"e 

fi^ — MHJ; 3 0-1 0 0 0 nmtf)i$— 

20 ffifflRTffi/ifcfegc^tt tiffins o 

[0 0 3 5] ±lB£ffil^ A r U— If— «3fc 

(NA=0. 5 5) £rffl^T^?£0. 1 3 /im^b 1 

^■-r>A/^^ Ka^^ri^^ K 5 3 0S>3IJ&L 

fc^zKgfcLT, 1 8 0°C6 0#«Ilf: o 
7ta5$r, Mil^-WlTlilfc^I, if— fig 
Wi40mJ/cm z l:S*L^ ft/J^ft0. 1 3 fi m(D 

[0 0 3 6] *fc, iffi±i^SS:#t5S*±tv^ 

^ItSl:j;S*IIIJ:5^fcofe 0 
[0 0 3 7] /Ky t Kn^fV^Uv 5 

S ttJ^* b #3Sfe0y t-* L (D K m h ^ V \ 
[0 0 3 8] **ft«a9, SfflWSTArFl 

[0039] (mm&i2) ^Ky ^f;v^Hr7drt^f 

^fc, ^y t Kn V-^1F^C04 : 1 (D&&yol^ A r F 
xdei/vu- if— J-^tLO. 5 n m<DMJ$-? 7 0 

Ofig^^— ir^ h^SSr 2 0 0 0 r pm6 0#(O*#*C 
0Ettls ^(Df 8 0°Ce3^Mitt, SI/5 3 0 
0nmOl/^hlg«Lf; o ±f£»£S-, Ar 
^Wl/-f-|3fc$g (NA=0. 5 5) ^ffl^r^j- 

50 hy^ f-;i/7 V^e^ ^ i^/N^f K o jr*^^ K 5 %* 



-4- 



7 

igarC3 0©?a,«Lfe«7KJ5feLT. l 6 0°C4 OS^ftt 

fcift*, l/-f-Mt6 0mJ/cm 2 CTLt, 
ifeO. 2 m mtO/^-y^M^nfcri £ffitfSLfc 0 

[0 0 4 1 ] (HJfefflJ3) v-y aV*ft:±{C7jf y t: Kn 

Sfiit 10:1 m^mmz a o o o r p m 6 osw^m* 

"T?EME»;ffi U ^(7)t8 0 o Ci:3^1Lt, Hi? 3 
0 0 nml!3HB«Lfc e JblBXft:^ ArFx^> 
"^U-if-K3fe3£fi (NA=0. 5 5) SrJH^TO. 1 3 
fi mfrb 1 m(7) \fi£(7V^ — ^*U$t Ltc 0 ^<D%.y~ 
Yy * <5-jvTz/*:~VJ*s^ Kn^W K 5 %tKSM 
"C3 0S?S«bfc«, tK^LTI 0 0°C4 0»ML 

fc 0 ^^-vBjtws:, ^mm^m^mxmm^tcu 

&s ^f-Mf5mJ/cm 2 Wlt, 1"i£0. I 

[0 0 4 2] ^IIJfeffjTflift^^b^fcfc^^^y^* 
Sit It MJ ^ p p 7xy-;V?rffi^fc* N ^T^S-io 
-C 7 is* £ ^: 5 tf> T fc ti (i ^ i: b 

J- iot^7fyat^ y i: co^coit^^S L 
[0 0 4 3] *3Hfc«St-«t <9, Ar F»3tf-J:9S^ 

[0044] (Hjfi0ij4) i/y^yifti^yt kp 

v^lf > tf-^^T/\y^^riy K4 : 1 CO 1 0 11^— tr 
> hmm%3 0 0 0 r pm6 0©<Z)^#TlE]e^ft U 
0°CT3;9lf&&L3lbT\ flfJ¥2 0 0 nmV^ 

BftglB (NA=0. 5 5) ^V^TO. 1 3 /zm^?> 1 

Kp^W K 5 3 0&^«Lfc 

#7k^LT, i o o°c4 oMfcitfc, ;<#—^myt 

f 4 0mJ/cm 2 |:SU, \N5fc0. 13/z m^^- 

[0 0 4 5] ±i&<? — ^$:m^x, f^yxT^m* 

VD&t-JzoT^J&Lfcv-y a^SflsBI^— K-v*^ i: 

x=y?->>ymijitt&2mm±\*it 0 # 

[0 0 4 6] (»5) JfcteB2&fl3^T*«W«rfl3 



(5) ^¥9-2 3 0 6 0 0 

5 

[0 0 4 7] (1 ) LOCOSM 
^y3ySft2 0l*jRRft2 0 2 lfcS^ *16«!I2^ 

2 0 3«Uc (02 a) o t\^X 
7>f";vKtttffotLOCOS 2 0 4 ffM^rfro 

->y ^^IKS:^ bfc (0 2 b) 0 
[0 0 4 8] (2) #—hm& 
10 K?>f»ttJ:ot^ h»^2 0 S^Tofc^ 

iWfc^yayKiCCVDKiBIIWO. 
Sr K-yLfcr^r^v:^ ^vBI 2 0 6 4:MU 

mis*/* 0 7S:Jgfi8:Lfc (El 2 c) 0 _L1H 

MtfV isV = h 2 0 9 ^rAPXLfc (0 2 d) 0 

[0 0 4 9] xyfy^ittW^^^c 

(+»*) xtt7y**^*ffl^r 
[0050] ^tc ^mmmtmm^vx, 7^77 

[0 0 5 1 ] (3) ^1^9^ h*— ;Wf$jE& 
LDDM/nt^r^^y-^ KW>-2 0 8 Off^ 

^ttfJliffi2 1 1 SrEK^fc J: Lt/^ K^-f ^ 

l/c 0 ^<n&mi&m3^istcjjm*ffl\,^x^ h 

/WBUv?* — ^2 1 2 7F$J$;£bfc (0 2 

e) o ^icctb^-r^^ t Lfc»*y Tfrj-?s<3ri/ 

b7c 0 IC^Mv^^ t Ltr h 7^ p n^-^> 

(+^*) ^x^fy^i^^t^y =>-R{fc:iK<o 

K^-Y^y^^^Sr^l^^v^^ h^— /W2 1 3 Sr^J* 
Ifc (B2f), *0«Ty^v^{^J: f9_biBl»IBSriR 

[0 0 5 2] (4) IB^ff^ 

;^A12 1 4S:?gfiS:Ufc«, Illteffa4{c*bfc*a 
^ffl^Tia^W^^ h^-V2 1 S^figLfc (0 2 

^tT^ia^2 i e^m^ft (02 h) 0 

[0 0 5 3] ^y^>-^^^±SS^f^lS?>-fJgS^ 



-5- 



(6) 



ffl?9~2 3 0 6 0 0 



10 



[0 0 5 4] ifBtlUfiliClbT, *f-9ls 

[0 0 5 5] **3, r.^f-fl^£^i^ *^0Jfc:j:^ 

— 0>Jnx^f£ffl^S*as-C££ o *«5?tJ;5u^ h 
— Steffi af>T K5^^y^>^iiHtt^«^5fc*, 

[0 0 5 6] i^i^Ig^ffl^tMO S3iSHH]|g«r«lf£ 

[0 0 5 7] JgJLL* MOS L S I (^S*^-?* — >-{^*« 

f L S I otecoxm\ $^(-ftoSSWf^¥«ft 

o^^ic, i^' — — > #y i>^st*s*»fr*^a 
ffitsrifc-etSo ^(om^, muTM. t&ymcDm 

W £ L & ^ PI 9 i/^gft ^ r. 
[0 0 5 8] 



70 



20 



[01] *«W(OiDS3SS:*r«S;H-efcSo 

[0 2] *«MS:ffl^fc||JS«S:*i-aSE|-efcSo 

[0 3] *«M<oxsia*ft«oxe<o*tib4:*"r« 

3 0 1 -TJftSaiOXtt^ 3 0 3>^K. 3 

0 10 1-Itt 102 

2 0 2-^!J3yt>f h7^KI, 2 0 3-LOCOS 
l/i/^ — >\ 2 0 4-LOCOS, 2 0 5- ^- 

hSftffcBS, 2 0 6-^-h*J^yn^ 2 0 
M/v/^h/^-y, 2 0 8 — y—^- KMX 2 0 
2 1 0-«raJ6»K, 2 11-;#7s/^ 
«MBK* 2 1 2~'^is## h^— /uui/x h;<# — >\ 
2 13-ay?^h^M 2 1 4-iB«Wi|BHK, 2 1 



(a) 



(b) 




103 

H 

I I 

p yyO 
,/ / O 





104 
105 



[B2] 

U 2 



,203 



202 



.201 




(c) 



(g) 



206 



209 




o _^ — _____ 



-•215 



216 





-6- 



(7) 



¥fffl¥-9- 2 3 0 6 0 0 



[13 3] 
03 




301 



-7- 



http://vww4JpdlJpo.gojp/cgi-bin/tran...522%2520BGCOLOR%3D%2522lightyellow^ 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** s hows the wprd which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st process which forms on a base the thin film which consists of a photosensitive material which constitutes 
polymer or oligomer including silazane combination as a main component, The 2nd process which carries out photooxidation 
by exposing far-ultraviolet light alternatively on the above-mentioned photosensitive film, and cutting silazane combination of 
the this exposed portion, The pattern formation method characterized by including the 3rd process which develops the 
above-mentioned photosensitive film, removes alternatively films other than the above-mentioned exposure section or the 
above-mentioned exposure section, and forms a pattern. 

[Claim 2] The 1st process which forms on a base the thin film which consists of a photosensitive material which constitutes 
polymer or oligomer including silazane combination as a main component in the process which forms a pattern using 
semiconductor optical lithography by rotation application, The 2nd process which carries out photooxidation by exposing 
light with a wavelength of 220nm or less alternatively on the above-mentioned photosensitive film, and cutting silazane 
combination of the this exposed portion, The pattern formation method which carries out wet development of the 
above-mentioned photosensitive film, and is characterized by including the 3rd process which removes alternatively films 
other than the above-mentioned exposure section or the above-mentioned exposure section, and forms a pattern. 
[Claim 3] The pattern formation method according to claim 3 characterized by exposing using ArF excimer laser light in the 
2nd process of the above. 

[Claim 4] The pattern formation method according to claim 2 characterized by the principal component slack polymer or 
oligomer of the aforementioned photosensitive material being the compounds expressed with the general formula of ** 1, or 
such mixture. 
[Formula 1] 

R 




R in drawing expresses any of a hydrogen machine, a hydroxyl group, or an inorganic substance base they are. 

[Claim 5] The pattern formation method according to claim 1 characterized by including the process formed into Si02 after 

the 3rd process of the above. 

[Claim 6] The pattern formation method according to claim 1 characterized by including the 4th process at which the 
aforementioned base has a work material on the main front face, and ********* * s the above-mentioned work material by 
using the aforementioned pattern as a mask. 

[Claim 7] The pattern formation method according to claim 6 characterized by not removing the aforementioned mask pattern 
after the aforementioned etching. 

[Claim 8] In the method of forming a pattern in the main front face of the aforementioned equipment by the semiconductor 
device manufacture method The 1st process which forms in the above-mentioned equipment front face the thin film which 
consists of a photosensitive material which constitutes polymer or oligomer including silazane combination as a main 
component, The 2nd process which uses light with a wavelength of 220nm or less for the above-mentioned photosensitive 
film, is exposed alternatively, cuts silazane combination of the exposed portion, and carries out photooxidation of the 
above-mentioned exposure section, The semiconductor device manufacture method characterized by including the 4th process 
which ********** s the aforementioned semiconductor device device material by using the aforementioned pattern as a mask 
after the 3rd process which develops the above-mentioned photosensitive film, removes alternatively films other than the 
above-mentioned exposure section or the above-mentioned exposure section, and forms a pattern, and the above-mentioned 
development. 

[Claim 9] The semiconductor device manufacture method according to claim 8 characterized by not removing the 



1 of 2 



9/30/02 6:14 PM 



http://w\^4jpdljpo.gojp/cgi-bin/tran...522%2520BGCOLOR%3D%2522lightyellow%2522 
aforementioned mask pattern after the 4th process of the above. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention is especially suitable for the MOS semiconductor device 
manufacture method about the pattern formation method which used optical lithography equipment, and the semiconductor 
device manufacture method using the above-mentioned technology. 
[0002] 

[Description of the Prior Art] In semiconductor device manufacture, the optical lithography technology by the short 
wavelength-ized light source is used as formation technology of the pattern which is compatible in high integration and the 
throughput of a circuit. Now, research of an ArF excimer laser (wavelength of 193nm) is advanced as the next-generation 
short wavelength light source. 

[0003] The resist pattern formation method is discussed conventionally [ various ] by Section 1-5 per chapter [ the ] of resist 
material and "process technical" technical-information ****** etc., for example. 

[0004] Moreover, in case patterns, such as wiring and capacity, are processed, the silicon-oxide film 302 is formed on this 
processed base 301, and after taking pattern formation 303 ( drawing 3 a) and imprinting this pattern on a ground 
silicon-oxide film by the monolayer organic resist method, the hard-surface-mask-blank method ( drawing 3 b) for processing 
301, such as the above-mentioned wiring, by using this imprint pattern 302 as an etching mask is learned. In order to simplify 
the process of the describing [ above ] hard-surface-mask-blank method or a multilayer method, the hard-surface-mask-blank 
direct forming method ( drawing 3 d) for forming the direct SiOx pattern 302 on the processed base 301 by exposure ( 
drawing 3 c), and performing processing 301 of a ground is examined. 

[0005] The pattern formation method (Japanese Patent Application No. 7-127769) of carrying out pattern formation of the 
material with siloxane combination by photooxidation as a material process used for the above-mentioned 
hard-surface-mask-blank direct forming method, and processing a ground into a mask for it, or the pattern formation method 
of using an acid generator (JP,6-267937,A) etc. for a polysiloxane is learned. 

[0006] Moreover, a photosensitive material whichj works to a positive type is also proposed by cleaving silazane combination 
as a photosensitive plate for printing jisingjhejcid generatedfrom the photo-oxide generating agent by ultraviolet-rays 
exposure (JP,6 1-1 6687, A). ' ~ 
[0007] 

[Problem(s) to be Solved by the Invention] Since the silazane combination itself has strong absorption by 220nm or less, the 
positive-type photosensitivity^material containing the acid generator using the above-mentioned silazane combination does 
not function as a^gs taveJy pe^^ N ~" 

[0008] The chemistry amplification type organic ** resist above-mentioned [ ArF ] has the problem that etching resistance is 
not enough etc. in processing of metallic materials, such as wiring. 

[0009] The material process used for the above-mentioned hard-surface-mask-blank direct forming method has the problem of 

being deficient in process tolerance, for that the organic substance is included or a chemistry amplification type. 

[0010] The purpose of this invention is to solve the above problem and offer the pattern formation method of having very big 

dry cleaning dirty resistance. 

[0011] 

[Means for Solving the Problem] After the above-mentioned purpose forms the thin film which consists of a photosensitive 
material which makes a principal component polymer, or oligomer including silazane combination on a ground base, it 
exposes the film alternatively using the light source with a wavelength of 220nm or less, carries out photooxidation of the 
exposure section, and it is attained by developing negatives after that, removing the film of the exposure section or the 
unexposed section alternatively, and forming a pattern. This method is characterized by cleaving direct silazane combination 
and causing a photooxidation reaction efficient by exposing using the short wavelength light source with a wavelength of 
220nm or less. Therefore, a use differs from the aforementioned silazane content resist for sensitization monotonous, and the 
describing [ above ] pattern formation method is excellent in stability, process tolerance, etc. upwards, and be [ it / another 
invention from which composition and an operation are different ] is clear. 

[0012] As a photosensitive material with the above-mentioned silazane combination, the compounds expressed with the 
general formula of** 1 or such mixture can be used. 
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[0013] ^ 
[Formufa 1] 

R 




Mfci ) 



[0014] R in drawing of ** 1 expresses any of a hydrogen machine, a hydroxyl group, or an inorganic substance base they are. 
[0015] The reaction mechanism of this invention is explained about the case of the poly hydronalium silazane 102 using 
drawing 1 . 

[0016] If the excimer laser light 101 is irradiated at the above-mentioned film formed by the rotation applying method etc. on 
the base, exposure energy will mainly be absorbed by the silazane combination 103, and the chemical bond of a 
sensitization-among the exposure ( drawing 1 a) section molecule will be activated. Combination activated by the 
above-mentioned cutting reacts with the oxygen-content child 104 or water 105 grade, and SiOx-izes ( drawing 1 b). 
Therefore, in the above-mentioned exposure, existence of an oxygen-content child and a moisture child is important for a 
reaction. /^^^ 
[0017] The above-mentioned photooxidation reaction is a chemical reaction which is excellent in size control sincefe^ot_a__j 
chemistiy_ampMcation-reaction3 and has environmental resistance. For this reason, an after [ exposure ] surface 
refractory-ized layer arises conventionally by the contamination of minute amounts, such as an amine in (1) air in a chemistry 
amplification type resist. (2) Resist sensitivity is dependent on neglect-among air time. (3) In order to use the catalytic 
reaction by heat treatment (PEB) after exposure, sensitivity and a size will vary greatly by slight change of the conditions of 
PEB. (4) The acid catalyst generated in the exposure section diffuses the inside of a resist, and a **** controllability can 
avoid problems, such as being bad. - 

[0018] from the experimental result of the following [ reaction / this ] -- backing ** 

[0019] When the Fourier infrared-absorption-spectrum change before and behind ArF excimer laser exposure of the 
above-mentioned poly hydronalium silazane is investigated to the 1st, absorption by silazane combination decreases after ArF 
exposure, and absorption by siloxane combination increases. This shows the photooxidation reaction which cuts the silazane 
combination in the above-mentioned poly hydronalium silazane (binding energy is 4.4eV), and combination of silicon and 
hydrogen (binding energy is 3.24eV), and carries out siloxane joint (energy is 8.3eV) generation by the above-mentioned ArF 
(photon energy is about 6.4eV) exposure. 

[0020] To light with a wavelength of 220nm or more, although the above-mentioned poly hydronalium silazane is transparent 
to the 2nd, to wavelength the light of 220nm or less, absorption becomes strong and it hardly penetrates light on the 
wavelength (193nm) of an ArF excimer laser to it (absorption coefficient =20/micrometer). And it is shown that carrying out a 
breeching (absorption coefficient =0.3/micrometer) strongly by ArF exposure changes efficiently Si02 (it is 90% or more of 
permeability at 193nm). 

[0021] This exposure section that turned SiOx by the above-mentioned short wavelength exposure can obtain the selection 
ratio of a dissolution rate so much to developers, such as an alkali solution or alcohol, and can obtain a negative-mold pattern. 
In addition, in order to raise development contrast, it is desirable to optimize a developer, developer concentration, etc. 
[0022] In the above explanation, although the case of a poly hydronalium silazane was described, all the silazane content 
sensitive material of the range into which the meaning of this invention is not changed can be used. 

[0023] Moreover, in order to strengthen the adhesion of the above-mentioned sensitization material and the above-mentioned 
base, it is desirable to add the material which raises adhesion to to perform surface treatment to a ground base or the 
above-mentioned sensitization material. Furthermore, it is very effective in improvement in sensitivity to introduce the 
compound made to generate a radical and to mix by far-ultraviolet light irradiation, into the above-mentioned photosensitive 
material. 

[0024] The above-mentioned SiOx pattern is efficient, and since it has turned Si02, it has high dry etching resistance also to 
etching gas, such as not only 02RIE but chlorine. Therefore, if dry etching processing of contest ground polysilicon etc. is 
carried out by using the above-mentioned SiOx pattern as a mask, a selection ratio higher 1 or more figures than the case 
where the conventional resist constituted with the organic substance is used as a mask will be obtained. Moreover, etching 
resistance is high even if it compares with the hard surface mask blank directly formed using the above-mentioned silane 
system material into which only a half grade oxidizes by exposure. 

[0025] According to the effect of a breeching, the influence of the size change by the reflection from a ground base and the 
multiplex interference in a film can be suppressed at the time of the above-mentioned exposure. Moreover, the resist pattern 
of the good configuration of at least 1 .4-micrometer thickness can be formed. 

[0026] If a metal complex, an organic metal, or a metallic oxide is added into the above-mentioned photosensitive material, 
dry etching resistance will improve. In case the above-mentioned property is applied to the dry etching mask of metal 
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membranes, such as an aluminum system and a tungsten system, it serves as a big advantage. 

[0027] Moreover, this material cannot be overemphasized by that it is possible to use as an upper resist in the past two- layer 
resist method. Moreover, using for the mask of wet etching is also possible. 

[0028] Or it heats a base at 100 degrees or more after the above-mentioned development, it can expose to oxygen plasma by 
oxygen ashing, oxygen reactive ion etching, etc., or Si02-ization of the above-mentioned pattern can be promoted by 
irradiating light with a wavelength of 300nm or less etc., and the property of films, such as dry etching resistance and 
hygroscopicity, can be improved. 

[0029] On the other hand, by heating in nitrogen atmosphere and reducing atmosphere, it is also possible to silicon-nitride-ize 
a resist pattern, and the property of films, such as dry etching resistance and hygroscopicity, can be improved. 
[0030] The above-mentioned SiOx resist pattern is removable after ground etching processing with the dry etching which 
used wet processes, such as mechanical polish or rare fluoric acid, and a strong base, or the fluorine gas system. 
[003 1] The above-mentioned pattern formation method can be substituted for the pattern formation process using the 
conventional organic resist including the describing [ above ] hard-surface-mask-blank method, the multilayer-resist method, 
etc. The pattern formation which was excellent in the size control with few processes by this is possible. 
[0032] It is applicable to manufacture of various semiconductor integrated circuits (LSI), such as memory or a 
microprocessor, by using the above-mentioned pattern formation method. In the case of an MOS semiconductor, the 
above-mentioned pattern formation method can be used at various processes, such as pattern formation of wiring materials, 
such as pattern formation of gate material, such as direct pattern formation of the silicon-nitride film used for the mask of 
LOCOS field oxidization, and an amorphous silicon or metal, a tungsten, and copper, and formation of a through hole. Under 
the present circumstances, exposing using an ArF excimer laser stepper is desirable. There is an advantage with the process 
that an easy hatchet throughput and the yield are sufficient. Moreover, since the size controllability is good, LSI with the 
sufficient performance which suppressed dispersion for the threshold voltage of the gate can be manufactured. 
[0033] Although the above-mentioned pattern may be removed after ground processing, a ******** manufacturing process 
becomes still simpler into a semiconductor device, without removing. In this case, since the dielectric constant is small and 
does not contain a part for organic in the above-mentioned pattern compared with a CVD silicon oxide etc., there is an 
advantage, such as being reliable. Moreover, it is also possible to use it for the reason of the structure superiors of a device 
combining the usual CVD film or an organic polyimide film. 
[0034] 

[Embodiments of the Invention] 

(Example 1) The rotation application of the xylene 15 percentage-by- weight solution of a poly hydronalium silazane was 
carried out on the conditions for 2000rpm 60 seconds on the substrate, it heat-treated at 80 degrees C after that for 3 minutes, 
and 300nm resist film of thickness was formed. The uniform thin film of 30-1000nm of thickness can form a poly 
hydronalium silazane in preparation with a spin coat. Moreover, the solvent of an alcoholic system is also excellent in usable 
hatchet safety. 

[0035] The ArF excimer laser aligner (NA=0.55) was used for the above-mentioned substrate, and 1-micrometer various 
patterns were exposed from the size of 0.13 micrometers. Next, it rinsed, after developing negatives for 30 seconds in 
tetramethylammonium hydroxide 5% solution, and 180 degrees C was heat-treated for 60 seconds. As a result of observing 
the pattern exposure section with a scanning electron microscope, it was checked to amount of laser radiation 40 mJ/cm2 that 
the pattern with a lower limit of 0.13 micrometers had been formed. Moreover, when a period type phase shift mask was used, 
the pattern with a size of 80nm has been formed. 

[0036] Moreover, although it was also possible to have performed pattern formation on the base which has a level difference 
on a front face, when plasma CVD performed thin film formation at that time, the step coverage was better than the thin film 
by the spin applying method. 

[0037] In this example, although the poly hydronalium silazane was used for the resist, if it is the material which carries out 
photooxidation by exposure by the matter with silazane combination, it does not restrict to what was shown in this example. 
[0038] By this example, the detailed pattern which has high dry cleaning dirty resistance using ArF exposure by practical 
sensitivity was able to be formed. 

[0039] (Example 2) Poly methyl silsesquioxane and the mixture of 4: 1 of a poly hydronalium silazane have 70% of 
permeability by 0.5-micrometer thickness to an ArF excimer laser. The rotation application of the ethyl Cellosolve 10 
percentage-by-weight solution of the above-mentioned mixture was carried out on the conditions for 2000rpm 60 seconds, it 
heat-treated at 80 degrees C after that for 3 minutes, and the resist film of 300nm of thickness was formed. The ArF excimer 
laser aligner (NA=0.55) was used for the above-mentioned base, and 1-micrometer various patterns were exposed from the 
size of 0.2 micrometers. Next, it rinsed, after developing negatives for 30 seconds in tetramethylammonium hydroxide 5% 
solution, and 160 degrees C was heat-treated for 40 seconds. As a result of observing the pattern exposure section with a 
scanning electron microscope, it was checked to amount of laser radiation 60 mJ/cm2 that the pattern with a size of 0.2 
micrometers had been formed. 

[0040] this example ~ the high detailed resist pattern of dry etching resistance ~ it has formed . 

[0041] (Example 3) The rotation application of a poly hydronalium silazane and the trichlorophenol (radical generating agent) 
was carried out on the conditions for 4000rpm 60 seconds on the silicon base, weight ratio 10: 1 mixed solutions were 
heat-treated at 80 degrees C after that for 3 minutes, and 300nm film of thickness was formed. The ArF excimer laser aligner 
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(NA-0.55) was used for the above-mentioned base, and the pattern with a size of 0.13 to 1 micrometer was exposed. After 
developing negatives for 30 seconds in after that tetramethylammonium hydroxide 5% solution, it rinsed and 100 degrees C 
was heat-treated for 40 seconds. As a result of observing the pattern exposure section with a scanning electron microscope, it 
was checked to amount of laser radiation 5 mJ/cm2 that the pattern with a size of 0.13 micrometers had been formed. 
[0042] Although the trichlorophenol was used as a radical generating agent in this example for high-sensitivity-izing, if a 
radical is generated by exposure, it will not be caught by this example. For example, although a chlorine-based compound, a 
bromine system compound, an iodine system compound, etc. can be considered, the absorption coefficient of the compound 
to be used must adjust the ratio of mixture with silazane content polymer. 
[0043] By this example, the resist pattern has been formed in high sensitivity by ArF exposure. 

[0044] (Example 4) The rotation application of the 10 percentage-by-weight solutions of a poly hydronalium silazane and the 
titanium alkoxide 4: 1 was carried out on the conditions for 3000rpm 60 seconds on the silicon base, it heat-treated at 80 
degrees C after that for 3 minutes, and 200nm resist film of thickness was formed. The ArF excimer laser aligner (NA=0.55) 
was used for the above-mentioned base, and the pattern with a size of 0. 13 to 1 micrometer was exposed. It rinsed, after 
developing negatives for 30 seconds in tetramethylammonium hydroxide 5% solution, and 100 degrees C was heat-treated for 
40 seconds. As a result of observing the pattern exposure section with a scanning electron microscope, it was checked to 
amount of laser radiation 40 mJ/cm2 that the pattern with a size of 0. 1 3 micrometers had been formed. 
[0045] When dry etching of the tungsten film was carried out using fluorine system gas using the above-mentioned pattern, 
compared with the case where it uses as a silicon-oxide hard surface mask blank formed by CVD, etch selectivity carried out 
improvement in double precision to the above-mentioned ground tungsten film. Although the material which mixed the 
titanium alkoxide was used for the poly hydronalium silazane in this example, if it is the mixture of the material which carries 
out photooxidation by exposure by the matter with silazane combination, and the metal inclusion which raises dry etching 
resistance, it can be captured and used for this example. 

[0046] (Example 5) Next drawing 2 is used and the manufacture method of the equipment of the MOS semiconductor using 
this invention is explained. 

[0047] (1) After carrying out the LOCOS formation silicon base 201 thermal oxidation 202, the LOCOS mask resist pattern 
203 was formed using the method shown in the example 2 ( drawing 2 a). Next, field oxidization was performed by having 
made this into the mask, and LOCOS204 formation was performed. The resist pattern film of an active field and the 
silicon-oxide film were removed after that ( drawing 2 b). 

[0048] (2) After dry oxidization performed gate oxidization 205 to gate form Shigeji, the amorphous silicon film 206 which 
doped Lynn of 0.2 micrometers of thickness by CVD was formed on the silicon-oxide film, and the resist pattern 207 for gate 
processing was formed using the method shown in the example 1 on this base ( drawing 2 c). efficient consumer responsemu 
wave plasma etching was performed by having made chlorine (+ oxygen) into etching gas, having used the above-mentioned 
pattern as the mask, and the ground poly silicon gate 209 was processed ( drawing 2 d). 

[0049] Although chlorine gas was used as etching gas, if it is gas used as etching gas of contest polysilicon, it can be captured 
and used for this example. For example, you may use bromine system gas or fluorine system gas, such as bromate (+ oxygen). 

[0050] Moreover, the amorphous silicon-gate and metal gate etc. is processible like this example. 
[005 1] (3) After forming the source drain 208 according to the usual LDD formation process, without removing the resist 
pattern for the contact hole formation above-mentioned gate processing, the insulator layer by the silicon oxide was formed 
and it took flattening 210. On the base, the novolak-resin film 21 1 of 0.7-micrometer thickness was formed by rotation 
application, and carried out the postbake. Resist pattern 212 formation for contact holes was carried out using the method 
shown in the example 3 after that ( drawing 2 e). Next, the pattern was imprinted to the ground novolak resin by the oxygen 
reactive ion etching which made this the mask. Furthermore, the tetrapod chlorocarbon (+ oxygen) was used for etching gas 
by having made this into the mask, dry etching of a silicon oxide was performed, and the contact hole 213 was formed ( 
drawing 2 f). The above-mentioned resin was removed by ashing after that. 

[0052] (4) After forming the aluminum film 214 of 0.5 micrometers of thickness in the layer which should carry out wiring 
formation wiring by the spatter, it formed resist pattern 215 for wiring using the method shown in the example 4 ( drawing 2 
g). Next, dry etching which used the tetrapod chlorocarbon (+ chlorine) for etching gas by making this into a mask was 
performed, and wiring 216 was formed ( drawing 2 h). 

[0053] Etching gas can be changed not only in the above-mentioned gas but suitably, for example, TORIKUROROHOU ~ 
base - etching gas, such as + chlorine (+ tetrapod chlorocarbon), can also be used 

[0054] Like the above, although circuit pattern formation of a tungsten, titanium night RAIDO, copper, etc. can be performed, 
about the etching method, optimization is required respectively. 

[0055] In addition, although not shown here, the pattern formation method by this invention can be used for processing of the 
capacitor in other components, for example, DRAM, and ferroelectric random-access memory of an MOS semiconductor 
device etc. Since the resist pattern by this invention is extremely excellent in dry etching resistance, it can also carry out 
etching processing of the capacitor film of platinum-PZT-platinum structure collectively by making this into a mask. 
[0056] The MOS IC was manufactured using the above process and the operation was checked. Compared with the former, 
the number of processes of a manufacturing process was reducible with this example. 

[0057] As mentioned above, although the example which applied this invention to the basic pattern of MOSLSI was 
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described, it is not caught by this example but can also apply to other processes of LSI, the kind of further others and the 
semiconductor device of the quality of the material, for example, a bipolar large-scale integrated circuit, the optical electro 
nick IC, laser, a gallium arsenide system semiconductor, etc. In this case, as for conditions, such as resist thickness, 
application conditions, and etching gas, changing and optimizing is desirable although the kind of a work material and 
sensitization material, the exposure method, the development method, the etching method, gas, etc. are freely changeable 
unless it deviates from the meaning of this invention. 
[0058] 

[Effect of the Invention] The pattern formation which has high definition ability, and big dry cleaning dirty resistance and the 
outstanding size controllability is possible by irradiating light alternatively, carrying out direct photooxidation of the exposure 
section to a resist film including silazane combination which formed the work material above on the base which it has on the 
main front face according to this invention, developing this, removing the exposure section or the unexposed section 
alternatively, and forming a resist pattern. Furthermore, semiconductor-fabrication-machines-and-equipment manufacture of a 
low cost with few processes is attained by **********j n g device material by using the above-mentioned pattern as a mask. 



[Translation done.] 
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